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Abstract
Middle school science has a stigma of being a boring subject area from the student’s perspectives
due to the spoon-fed characteristics and the lack of real-world connections in the curriculum
design. The low-level student engagement and motivation in the science classroom often
contribute to students’ low academic achievement, especially those who have been underserved
in the educational system. In addition, with a view to addressing the increasing diversity in the
classroom, teachers are encouraged to practice culturally relevant pedagogy (CRP) in the lessons
so they can reach every student and make the class learning experience more meaningful and
relevant to their cultural identities. This thesis aimed to document how I designed and carried out
a diversity and inquiry focused science curriculum unit that sought to address the two issues and
reflect on the implementation of the unit plan and the student learning outcome; discussed the
limitations of the project; and indicated areas of growth for improvements. Results of this project
suggested positive growth in academic achievement, cultural competence, student engagement,
as well as a positive perspective change on science.
Keywords: Student Engagement, Culturally Relevant Pedagogy, Expeditionary Learning,
Project-based Learning, Real-world Connection, Middle school science
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BRING IN CULTURE TO SCIENCE
Introduction

In the middle school science classroom, student engagement and motivation have been
major learning challenges attributing to several factors. Two of the most common reasons are
that middle school students are not challenged to think critically in science and that the nature of
most curriculum design does not promote real world connections (NMSA, 2010). Therefore
science, from middle school students’ perspectives, has a stigma and bad reputation of being a
boring subject with a focus on memorization.
In addition, with the increasing diversity in the classroom, K-12 educators are encouraged
to incorporate culturally relevant pedagogies (CRP) into their classrooms so that students from
different cultural backgrounds can succeed academically and develop cultural competencies
while recognizing and supporting their cultural heritages (Ladson-Billings, 1995). Many science
educators misconstrue that culturally relevant pedagogy is more suitable and applicable in
content areas such as English Language Arts and Social Studies. They believe that it is easier for
ELA and social studies teachers to attain those goals and meet the cultural expectations. This
fixed mindset is founded on the misapprehension of the nature of the science discipline, which
makes many science educators reluctant and hesitant to adopt and implement this pedagogical
practice. Moreover, they question whether it is necessary or should be their responsibilities to do
so. These difficulties have led to middle school students’ low participation and involvement in
the science classroom, especially for those who come from marginalized groups.
To address students’ declining desire and motivation, the Next Generation Science
Science Standards (NGSS) suggest that science educators should switch emphasis from
presenting and delivering scientific facts and knowledge to guiding students through the research
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process and helping students grasp complex concepts in science by engaging them in inquiry
learning experiences and incorporating three distinct dimensions of science learning in the
curriculum design: 1) Core Ideas, 2) Cross Cutting Concepts, and 3) Science & Engineering
(NGSS Lead States, 2013). The students are expected to start looking at the collected data,
interpreting and making sense of the data, and finally presenting their findings from their
research. The most important piece of the solution in motivating young adolescents, however, is
relevancy. It is vital that science teachers in the middle school classrooms develop purposeful
and meaningful inquiries that not only align with the content standards but also pertain and apply
to the world surrounding them.
These real world connections can not be built without exposure to firsthand experiences
and the teacher’s knowledge of culturally relevant pedagogy. Drawing from Brown-Jeffy and
Cooper’s conceptual framework of CRP, there are five themes critical to the integration of CRP
in the classroom: 1) Identity and Achievement, 2) Equity and Excellence, 3) Developmental
Appropriateness, 4) Teaching Whole Child, and 5) Student Teacher Relationship (Brown-Jeffy &
Cooper, 2011, p.72). The five themes are considered in the instructional context section. I first
discuss the purpose of the project and review the literature in the field of culturally relevant
science teaching and expeditionary learning. I then elaborate on the instructional context, the
data collection and analysis, and discuss the outcomes of the unit. Finally, I conclude with
reflection on areas of growth in this project and an action plan for future instruction.
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Purpose of Project

The goal of this project aimed to document how I planned, executed a three-week
diversity-focused, inquiry and project-based learning instructional unit using extant university
and community resources in my 8th-grade science classroom at Rocky River Middle School and
to reflect on the process and outcomes of the unit. Throughout the three-week instructional unit, I
looked for qualitative evidence to reflect how this curriculum unit had influenced the students’
perspectives on science and its significance in our lives as well as their growth in cultural
competence. The following inquiry questions guided the project: 1) How do students grow both
academically and culturally throughout the unit? 2) What are the effects of culturally relevant
teaching on student success and engagement? 3) How does this unit help students connect
science to the real world? 4) How does this unit change the way students view science?
Review of Literature
To gain a better understanding of the primary teaching approach I implemented in this
unit and the school’s education philosophy, I decided to conduct a basic literature review. Below
are some of the literature I reviewed relevant to the curriculum unit and the education model
where the unit was executed.
Culturally Relevant Pedagogy (CRP)
The concept and the term “Culturally Relevant Pedagogy” was conceived and defined by
Ladson-Billings (1995). She asserted that it is a “pedagogy of opposition” dedicating to both
individual and collective empowerment (1995, p.160). The opposition seeks to address existing
social justice issues related to education and to develop sociopolitical awareness among the
learning community. This pedagogy initially aimed to ameliorate the oppressive learning
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situation for African American students. Looking at the literal meaning, the opposition may
appear to put up a resistance against the dominant group. Yet, its ideology has progressed and
evolved to embrace, value, and honor all backgrounds and knowledge the students bring in the
classroom. CRP hinges on the bases of 1) students’ experiences of academic success, 2) the
development of cultural competence, and 3) the growth of critical consciousness to challenge the
status quo. The three fundamental tenets work conjointly to truly make an impact on student
achievement. Educators who practice CRP must hold high academic expectations and instruct in
ways that are both purposeful and relevant to the students. Moreover, to cultivate students’
cultural intelligence, teachers must first develop ideological and epistemological clarity so they
are equipped with the right mentality and mindset to meet the students’ cultural and academic
needs and not replicate the status quo of social structure (Sleeter, 2005). Finally, the collective
empowerment can be accomplished by exposing students to sociopolitical issues from local,
national, and the global community and by encouraging them to come up with solutions to
address those issues. Throughout the unit curriculum project, I guided the students to look at
geological events and natural disasters in different countries from multiple perspectives along
with the geological concepts and knowledge connected to the South Carolina science standards.
The core value and character development topics during the unit were the importance of different
voices, empathy and the power of language. When teaching the unit, I challenged the students to
critically think about various aspects of life influenced by the geological events in different
countries and the language they use when referring to a culture different from their own, which
gradually changed their views on cultural diversity and the significance of science in our lives.
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Expeditionary Learning
The school where I implemented the curriculum unit is an Expeditionary Learning (EL)
school. It is the first nationally credentialed expeditionary learning school in the state of South
Carolina. EL is an innovative school reform philosophy originating from Outward Bound USA
and The Harvard Graduate School of Education in 1991. The founder of Outward Bound, Kurt
Hahn believed that students must be provided with opportunities to engage in learning
experiences in school that will cultivate them not only intellectually but also ethically. EL
education aims to “create classrooms where teachers can fulfill their highest aspirations, and
students achieve more than they think possible, becoming active contributors to building a better
world” (“Redefining and Raising Student Achievement,” n.d.). The three dimensions of student
excellence, Mastery of Knowledge and Skills, Character, and High Quality Work are the
outcomes of collective efforts of school, classroom, and community leaders. The “characterinfused” and service oriented approach in shaping student achievement is what makes EL
education stand out in the field of experiential learning. In EL core practices, character education
encompasses two facets, relational character and performance character. Relational skills such as
conflict resolution, problem solving, and communication are essential elements in building a
respectful, safe, and collaborative learning environment. Teachers facilitate students’ growth in
performance character by integrating habits of scholarship into the daily learning target
discussion with the students. The unit was designed and employed around the EL framework,
therefore, with the foundation and support of the EL model, I was able to launch the unit project
smoothly without a long adjustment period.
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The three dimensions of student learning outcomes of Expeditionary Learning mirror the
three essential propositions of Culturally Relevant Pedagogy (see Table 1). The reflection of
student achievement dimensions in both frameworks enabled me to design the curriculum unit
comprehensively with cohesive goals and visions.
Table 1
Culturally Relevant Pedagogy

Expeditionary Learning

Academic Excellence:
“The intellectual growth that students
experience as a result of classroom instruction
and learning experiences”

Mastery of Knowledge and Skills:
-Demonstrate proficiency and deeper
understanding
“Demonstrate proficiency and deeper
understanding: show mastery in a body of
knowledge and skills within each discipline”

Cultural Competence:
“The ability to help students help appreciate
and celebrate their cultures of origin while
gaining knowledge of and fluency in at least
one other culture.”

Character:
-Work to become ethical people
“Work to become ethical people: treat others
well and stand up for what is right (e.g.,
empathy, integrity, respect, compassion)”

Sociopolitical Consciousness:
“The ability to take learning beyond the
confines of the classroom using school
knowledge and skills to identify, analyze, and
solve real-world problems.”

Mastery of Knowledge and Skills
-Think critically:
“analyze, evaluate, and synthesize complex
ideas and consider multiple perspectives”
Character:
-Contribute to a better world
“put their learning to use to improve
communities (e.g., citizenship, service)”
High Quality Work:
-Create authentic work:
“demonstrate original thinking and voice,
connect to real-world issues and formats, and
when possible, create work that is meaningful
to the community beyond the school”

Note: Adapted from “Culturally Relevant Pedagogy 2.0: A.k.a. the Remix”, by Ladson-Billings,
2014, journal, p. 75 and “Redefining and Raising Student Achievement,” by EL education .
Retrieved on April 20, 2019, from “https://eleducation.org/who-we-are/our-approach”
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Instructional Unit (Context)
Overview of Unit
This instructional unit was a three-week project-based earth science unit focusing on how
earth processes cause changes on the earth’s surface and influence our lives and what we can do
to improve it. This unit gave the students the opportunity to research the causes and effects of
geological events in different cultural regions, conduct a field study, interact with experts from
the community, and design solutions to ameliorate the impact. Throughout the unit, the students
partook in learning experiences that enhanced their understanding of the earth system and human
interaction with the system and helped them connect what they learned to real world
applications.
State Standards Alignment
The discipline I chose for this project was middle school earth science with four different
focuses — plate tectonics (Science Standard 8.E.5A), natural disasters (8.E.5B), structural design
(S.1B.1), and natural resources (8.E.5C) — which respectively align with the South Carolina
science standards for grade eight students (South Carolina Department of Education, 2014). The
entire curriculum unit was developed using the structure of backward design created by Wiggins
and McTighe (1998). When designing this instructional unit, we first identified the overall
learning goal and the result we wanted the students to achieve, which was to be able to connect
science to the real world through scientific inquiries and humanities studies. More concretely, we
envisioned that the students would be able to connect the knowledge of earth processes to how
they influence people around the globe and how we as a world community can adapt to these
changes. Secondly, we considered and selected two main assessment methods we would use to
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analyze students’ learning and find evidence of their understanding of the unit. Finally, we came
up with an instructional plan that encompassed all the scientific concepts and the instructional
sequence so we could guide the students through the unit in the right direction. This allowed us
to see the big picture and create the skeleton for the instructional unit. The same planning process
was employed when designing individual lessons. Each lesson contained specific learning targets
for the students so they could acquire specific knowledge to achieve the unit goal and answer the
driving questions.
Expeditionary Learning
The core practices of Expeditionary Learning (EL) guided the design and application of
this curriculum unit. In the EL conceptual framework, there are five tenets encompassing the best
core practices that contribute to student achievement: 1) Curriculum, 2) Instruction, 3)
Assessment, 4) Culture and Character, and 5) Leadership. In this section, I break down the whole
unit based on the five tenets, the EL core practices, and the connection to CRP.
Curriculum
When mapping out the curriculum unit, my coaching teacher and I utilized a concept map
to visualize the standards and skills that students would be learning and acquiring throughout the
unit. After looking closely at the standards, we categorized them into four branches: 1) plate
tectonics, 2) natural disasters, 3) structural design, and 4) natural resources. We then identified
specific geological events and phenomena in different cultural regions deduced from the general
scientific concepts in the standards. We formulated two driving questions that served as a major
thread running through the instructional unit: 1) How do geological activities influence people’s
lives around the world? 2) How do we improve structural design among the world community?
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To make the process of investigating the two essential questions more engaging and motivating, I
uncovered each real life geological event case they would be researching as a “mission.” I would
hide an envelope with a written mission inside in the classroom and have my students find it and
read it out loud to the class. There were certain tasks they needed to do in order to complete the
mission. In the back of my classroom, I set up a board labeled with the four topics in this unit to
track and visualize our learning progress each day. It was a combination of the Concept Map and
the Driving Question Board (see Figure 1). Everyday at the beginning class, I would go over the
board and review the missions and the concepts we learned in the previous lesson. I would build
upon the knowledge the students had accumulated and extend it by making the connections
among concepts. The rationale behind the use of the driving question board, concept map, and
missions was to contextualize instruction and provide my students with scaffolds to identify and
recognize those connections, which would lead to more purposeful and meaningful learning
experiences (Weizman, Shwartz, and Fortus, 2010). The design of the curriculum aimed to
challenge the students to think critically about earth processes and how humans interact with the
changes. It was a rigorous unit that involved multiple disciplines and demanded academic
excellence and achievement for all students.
Figure 1
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With a view to strengthening the students’ ability to make real world connections, I
collaborated with the Thinking Globally Program at the University of South Carolina and
arranged a field study for the students. The Thinking Globally Program is a project run by the
International Student Services that aspires to promote intercultural enlightenment throughout the
Columbia community through discussions and presentations. (“Thinking Globally,” n.d.) The
Thinking Globally Ambassador group is comprised of international students who are passionate
about sharing their home cultures with American students in K-12 and college classrooms.
Normally, volunteer ambassadors would go to the classroom in the community to speak.
However, due to the number of students in my classes, we decided to select representatives from
each class to go on the field study and have them come back and present to the rest of the class
what they learned. On the field study, the students had the opportunity to listen to the
ambassadors’ presentations and ask ambassadors questions regarding their home cultures and
experiences living through natural disasters in the round table discussion. After the presentation
and discussion, the Internationalization Programming Coordinator, Ms. Julie Medlin, led an
intercultural training to prepare students for their final presentations at the end of the unit. During
the planning process, I worked with the ambassadors and the program coordinator to make sure
that their presentations were connected to the science standards and the topics. I created an
infographic detailing potential discussion topics and examples so they could tweak their
presentations to fit in the science context (see Appendix A).
Besides the field study, we also invited an architect and a structural engineer from the
local community to come speak with the students. Mr.Todd Daugherty and Mr. Steven West
shared their job responsibilities, the thought processes when they designed a structure, and
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factors they needed to consider when attempting to make an earthquake-resistant structure. They
gave an overview of how to build a structure and the essential elements that go into construction
so that the students could have some basic knowledge for their structural design project.
These firsthand experiences allowed the students to interact directly with experts from the
community, which not only made their learning and inquiries more authentic and purposeful but
also equipped the students with the awareness and knowledge to complete the unit missions and
answer the driving questions.
Instruction
As a pre-service teacher, I acknowledge that I do not have as many experiences as
experienced classroom teachers. Therefore, in order to make sure that my instruction was
effective, I was constantly reflecting and adjusting my instruction to ensure my students were
engaged and actively participating in the lessons. To prepare for the unit, I analyzed contextual
factors for each block based on their 2017 Palmetto Assessment of State Standards (PASS)
science test results and came up with instructional strategies to address them.
Class Description
Table 2
Class Population

Test Data

• 1st Period 22 students :
- Caucasian: 19
- Asian American: 1
- African American: 2

2017 PASS Test
Exceeds Expectations: 42.8%
Meet Expectations: 33.2%
Approaches Expectations: 19%
Does Not Meet Expectations: 4%
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Based on my observation and understanding of my students in first period, the one
strength was their ability to grasp concepts and acquire scientific knowledge. However, they only
typically worked for assignments worth higher percentage of their grades. One thing I planned to
work on was their mindset toward formative and summative assessments by making connections
to the habits of scholarship. I planned to also work on making real-life connections for the
students so they would be able to relate scientific knowledge to their life experiences and
surroundings. To address the knowledge gap, I planned to adopt homogeneous grouping when
doing exam review to make sure each group would get the support they needed (see Table 2).
Table 3
Class Population

Test Data

• 4th Period 31 students :
- Caucasian: 22
- Asian American: 6
- African American: 2
- Biracial/Multi-racial: 1
- IEP:1

2017 PASS Test
Exceeds Expectations: 50 %
Meet Expectations: 45%
Approaches Expectations: 5%
Does Not Meet Expectations: 0%

Fourth period did an excellent job on the 2017 Pass Test. 95% of the students exceeded or
met the expectations. From my observation in the class, one area of growth that I planned to
facilitate more was to get them to ask more higher-level questions during the discussion. They
were usually very good listeners and note takers, but I expected them to be able to synthesize and
articulate their understanding. Therefore, I planned to adopt more project-based learning in this
class (see Table 3).
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Table 4
Class Population

Test Data

• 6th Period 19 students :
- Caucasian: 16
- Asian American: 2
- African American: 1
- IEP: 1

2017 PASS Test
Exceeds Expectations: 45%
Meet Expectations: 22%
Approaches Expectations: 33%
Does Not Meet Expectations: 0%

6th period did pretty well on the test. About 67% of the class exceeded or met the
expectations. My focus for this group was to bring those 33% up while keeping the top students
engaged. In order to do so, I planned to adopt the do-now activity at the beginning of class as a
review for what we had learned and have top students take the leadership role to go over the donow questions (see Table 4).
Table 5
Class Population

Test Data

• 7th Period 17 students:
- Caucasian: 12
- Asian American: 1
- African American: 4
- IEP: 2

2017 PASS Test
Exceeds Expectations: 22%
Meet Expectations: 33%
Approaches Expectations: 22%
Does Not Meet Expectations: 23 %

7th period, compared to the other classes, did a relatively poor job on the exam. About
55% of the class exceeded or met the expectations and 45 % of the class approached or did not
meet expectations. To address the problem, I planned to incorporate more formative assessments
and do-nows so not only could they get more support for the content but I could also adjust my
instruction based on the results and the feedback (see Table 5).
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Table 6
Class Population

Test Data

• 8th Period 16 students:
- Caucasian: 11
- Asian American: 1
- African American: 2
- Biracial/Multi-racial: 2
- IEP : 1

2017 PASS Test
Exceeds Expectations: 50%
Meet Expectations: 0%
Approaches Expectations: 50%
Does Not Meet Expectations: 0%

According to this data report, there was a huge achievement gap in my 8th period. About
50% of the class exceeded expectations and 50% approached expectations. From my
observations of my students in 8th period and the feedback they gave my coaching teacher and
me, many of them simply did not like science and rarely participated in the learning experiences
and the class discussion. But when they got a bad grade on the summative, they got upset with
Mr. Duggan and me. To address that problem, my plan was to hold them accountable for their
improvement. I planned to create a visual representation of their test data to show where they
were at and then recommended doable and effective ways to meet the expectations. Later, I
planned to also have them reflect on the preparation they did and analyze the result after the next
assessment. The goal of this approach was to motivate them to push themselves and help them
see the progress they made after putting in the efforts (see Table 6).
Unit Execution
When teaching the unit, I differentiated my instructions based on the class and the student
needs. To accommodate those needs, I looked through their student profiles and came up with
different assessment strategies so students that needed more instructional supports could work
towards and achieve the same long-term learning targets. I also adopted heterogeneous grouping
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based on my observation of peer collaboration, assessment results, and project interests. I put my
high-achieving students in the same groups with my struggling students and assign them roles so
the high-achieving students would act as peer coaches for the struggling students and at the same
time keep them accountable for their own learning.
To foster a culturally responsive learning environment, I incorporated as many cultural
elements into my instruction as possible to make connections to students’ home cultures. One
example was when I had students do a Socratic Seminar on the 2011 earthquake in Japan and the
2018 volcanic eruption in Indonesia. To keep every student engaged and accountable for their
input, I prepared Skittles and coin envelopes for every class. Every time the student provided an
insight in the discussion, they could put a Skittle in their envelope as a reward. The more Skittles
they got, the higher their grades would be and they could eat the Skittles afterwards. Before the
Socratic Seminar, I taught students to write down some Japanese characters on the envelope,
decorate it, and turn it into the Japanese lucky charm, Omamori. I talked about the significance
of Omamori for the Japanese people and showed them a real Omamori brought by my ELL
student in my class who had just moved to the US from Japan two years ago.
During the unit, I never shied away from talking about cultural differences and even my
own cultural identity as an international student form Taiwan. Also, when I made my slides or
worksheets bilingual for my ELL student, other students would be confused and asked why there
needed to be two languages on the class materials. Instead of focusing on the deficits, I replied,
“because there are people in this class who can speak two languages!” I then encouraged them to
keep improving the language they chose for the world language elective and told them maybe
one day they could communicate with other scientists from other parts of the world. When
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discussing the influence of earthquakes, I shared my experiences of living through earthquakes
when I was in Taiwan and showed them the aftermath through stories and videos. I also had them
reflect on the hurricanes we had last year to facilitate meaningful connections between the
impact of natural disasters on humanity.
Through my instruction, I helped students make connections among scientific concepts
and the geological impact on the world community and created a supportive learning community
where students were exposed to multiple perspectives and were able to propose solutions to fix
the problems in the real world.
Assessment
Throughout the unit, we employed a wide range of assessment strategies to evaluate
students’ levels of understanding and skill proficiency. Every assessment given to the students
was in alignment with the South Carolina Science Standards and was purposefully designed to
facilitate students’ mastery of knowledge in preparation for the unit project. Informal
assessments included do-nows, conceptual model sketches, graphic organizers, evidence-basedclaim sheets, gallery walk presentations, and note-catchers. Formal assessments included
formative quizzes, summative tests, seminars, and project presentations.
To encourage the students to take ownership and responsibilities for their own learning, I
clearly communicated my expectations with them and stressed that they would be creating their
own study guides for the topics we covered throughout the curriculum unit. The rationale was to
promote students’ ability to synthesize information and knowledge catering to their own learning
styles, which requires higher level thinking. To facilitate this, I encouraged the students to jot
down the learning targets after discussion, which integrally encapsulated the essential knowledge
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they needed to acquire, and constantly referred and added to the Driving Question board so the
students could identify the key points and the connections.
Another expectation I established and stressed was the reflective practice in learning and
development. Regular self-assessments and reflections allowed the students to analyze their
strengths and areas of growth which serve as links to continual growth in future learning
experiences. During the unit, I constantly had students self-assess their own learning and give
mutual feedback on their performance by asking strategic questions either verbally or in written
forms.
The three major project-based assessments in this unit were 1) Socratic Seminar / Field
Study Presentation, 2) Structural Design Project Presentation, and 3) Unit Reflection.
Field Study Presentation / Socratic Seminar
Due to the limited spots available on the field study, I divided each class into two groups,
the cultural ambassador group and the class research group. The cultural ambassador group was
comprised of representatives from each period my coaching teacher and I selected and the class
research group was made up of the rest of the students. In order to make the learning experiences
engaging and meaningful for each group, I assigned each group a different mission and an
assessment. The cultural ambassador group focused on the breadth of the inquiry while the class
research group focused on the depth. The day before the field study, I gave every student
physical copies of evidence-based claim sheets to collect data. The mission I gave for the field
study group was to record the key details and the cultural insights they got from the Thinking
Globally Ambassadors’ presentations and from the round table discussions. They were expected
to transfer their knowledge to a slide presentation and present their findings and learning to the
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class research group (see Appendix A for student work sample). The slides they needed to make
included tectonic and cultural information from the three countries represented, the comparison
of the three countries, and the connections to the intercultural training. The class research group’s
mission was to research the aftermath of either the 2011 Japan earthquake or the 2018 Indonesia
volcanic eruption both scientifically and socially. My coaching teacher and I gathered several
sources for the students to read and they were also allowed to research online if they could prove
the sources were credible. They would need to then use the key details and the analyses as tools
in the socratic seminar to discuss how the two earth processes influence the surface of the earth
and people’s lives, which tied to the first driving question of the unit.
Structural Design Project Presentation
The structural design project was their final mission for the unit. They needed to apply the
knowledge acquired from all the learning experiences in this unit to complete the mission. The
final mission was developed as a situational project that aimed to answer the two driving
questions. Below is the description of the final mission:
“You are at the final stage of interviewing for a structural engineering/architect director
position at a notable international structural engineering firm. The company is currently working
on different projects in different countries. One similarity among all the countries is that they all
experience geological activities. The company is having trouble figuring out how to design
structures that could both withstand the impact of the geological activities and reflect the local
cultural values. Your mission is to address the problem by researching the countries and
developing physical models that address both the structural and the cultural needs. The projects
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take place in the following nine countries, Japan, Haiti, Turkey, Taiwan, Chile, Iceland, Saudi
Arabia, Ethiopia, and the United States.”
The students had the freedom to choose three countries they were interested in working
on out of the nine countries. I then assigned each student to a country and put them in groups of
three. There were three roles in the structural design project: 1) Cultural Ambassador, 2)
Architect, and 3) Structural Engineer. Each role is in charge of different responsibilities. The
project presentation was where the three parts of the project came together as a whole. Each
group delivered a five to six minute presentation along with showcasing the physical model of
the structure and the shake table test (see Appendix B for student work sample). We invited the
architect and the thinking globally ambassadors back to our school and formed a panel to judge
the students’ presentations. A presentation rubric was given to each panelist to grade and write
down feedback. The judges graded the content section of the rubric based on their own areas of
expertise. Therefore, students form each country team received a different grade depending on
their roles in the project.
We created four awards for this project to recognize team and individual efforts in the
areas of cultural studies, architectural design, earthquake engineering design, and the geoscience
research (see Appendix C for the award certificate). The final presentation allowed the students
to articulate their learning in front of experts from the community and encouraged them to take
ownership of their work. We were able to use student-engagement assessments to evaluate
students’ learning, both formally and informally to maintain students’ high-level of involvement
throughout the unit and cater to their academic interests.

BRING IN CULTURE TO SCIENCE

!24

Unit Student Reflection
The unit reflection enabled the students to look back at their individual performance and
the collective efforts in the unit. It served not only as a meaningful self-assessment of their
learning process that they could apply to future studies and projects but also as instructional
feedback for my coaching teacher and me. The reflection was done through a Google Form. To
live up to the expectation of the students being reflective practitioners and avoid surface level
reflections, we decided to count it as a grade and give them the opportunity to redo if they were
not satisfied with their scores.
Culture and Character
Character building and growth in the Expeditionary Learning framework is equally
important as academic success and student achievement. The development of performance
character and relational character is crucial not only to grow students into global citizens and
scholars but also build a community culture of respect and kindness. “Crew” classes are
meetings designed to enforce students’ understanding of the EL core character values and
cultivate their abilities to take actions to address issues within and outside of the school
community. The learning experiences throughout these character development units had allowed
the students to gain exposure to real world issues and had challenged them to think critically
about the social and cultural impact on a deeper level.
During the first half of the curriculum unit, the crew sessions focused on the Take-AStand project and the importance of voice. For the Take-A-Stand project, the students had to
select a topic or social issue that they were passionate about, research the topic and the
influences on the school and/or the community, and come up with action plans to address the
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social issue. Some of the topics covered were homelessness, teen suicide, LGBTQ youth, student
government/council, Individual Learning Time (ILT), mental illness awareness. The presentation
of these projects took place in the form of student-led conference, which we called the
celebration of learning. Parents were invited to the school to evaluate and give feedback on the
projects. The students also had opportunities to present to the administration and carry out their
actions plans with permissions from the administration. For the Importance of Voice character
development unit, the students looked at the significant aspects of Black History Month and
discussed how abolitionist voices impacted the history. The discussions, instead of being teachercentered, were presented and led by students in the Crew sessions. The students also had the
experiences of appreciating African and African American cultures through watching dance art
and music performances brought by the encore class students. The two character development
units had enabled the students to grow tremendously in the areas of service and literacy, which
prepared them for the examination of geological impacts in the world community and the
execution of the structural plan for the science unit.
The Crew meetings during the second half of the curriculum unit centered on the Power
of Language and the Empathetic Mindset. The Crew leaders facilitated the examination of
students’ social identities and reflected on negative language that they had heard around the
school community. The most hateful comments, verbal bullying, and name calling were made
towards the students from marginalized groups based on their physical characteristics and
cultural identities. The lessons sought to teach the students to embrace different social and
cultural experiences and be aware of how their use of language could impact, both positively and
negatively, the people around them.
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The Crew lessons helped support and enhance the goal of the curriculum unit by
exposing students to multiple perspectives and inviting them to come up with solutions to the
problems. Although the conversations and discussions were not always comfortable, the students
felt safe expressing their opinions and listening to others because a school-wide culture of
respect, trust, and understanding was established and reinforced throughout the school year. With
the scaffold of class and school leaders, the students were able to navigate through these
challenges, collaborate to identify the causes of the challenges, and develop empathetic mindsets
that would empower them to change the status quo.
Leadership
To move a school forward, it is crucial every part of the team works toward shared goals.
Expeditionary Learning school leaders not only develop cohesive visions but also contextualize
and communicate them with leaders in other parts of the community. As a classroom leader who
worked directly with the students, we must attain a firm understanding of the school’s
educational philosophy and consistently follow the core practices in our class instruction to
solidify the mission and vision of the school and advance the goals of school reform.
As a student teacher, I did not know much about the Expeditionary Learning framework.
Yet, as I participated in team and professional development meetings as well as observing my
coaching teacher’s instructional practices, I was able to gain an understanding of EL education
and incorporate protocols and core practices into my instruction, which at the same time
reinforced the implementation of CRP. During the unit, I constantly communicated and
collaborated with my coaching teacher to reflect on and revise the lessons. We also shared our

BRING IN CULTURE TO SCIENCE

!27

observations in students’ learning and responses regularly and tried to come up with strategies to
meet the students’ developmental and academic needs.
To make the field study a purposeful learning experience for the students, I started
working and planning with the Internationalization Programming Coordinator at the University
of South Carolina and my coaching teacher in the fall semester of 2018. I presented the project
proposal to the administration at the school and obtained the approval by both the school and the
school district. When I found out the students would need to pay for the field study, I took the
initiative to apply for a project grant so finance would not be a contributing factor in the
selection process. I was awarded the Edmund Martin Foley Thesis Award from the South
Carolina Honors College to help support this project and the field study.
In this curriculum, leadership is an important piece that not only benefits my professional
growth but also directly influences students’ learning. By seeking academic, financial, and
community resources, I was able to make the experiences more authentic and relevant to achieve
the overall student learning outcome of this unit.
Data Collection and Analysis
In this project, there are multiple data sources used to analyze student achievement
including student work samples, student reflections, student teacher observation, and coaching
teacher observation. The participants for this project are 8th-grade students in my science
internship classroom in an Expeditionary Learning school. The project included a population of
one hundred and five (N=105) students coming from different ethnic and linguistic backgrounds
including Emergent Bilinguals (EB) and Individualized Education Program students (IEPs). The
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population of students were 76% Caucasian, 11 % Asian American, 10 % African American, and
3 % Hispanic and Latino Americans.
With a view to answering the four inquiry questions, the data I collected are categorized
in four domains: 1) Academic Success, 2) Cultural Competence Growth, 3) Student Engagement,
and 4) Perception of Science. The data for academic achievement were the results of the
students’ formative and summative grades throughout the unit. I use descriptive statistics to
summarize their levels of skill proficiency and the content knowledge. The student teacher and
coaching teacher observations along with the post-unit reflection were used to determine
students’ growth in cultural competence, student engagement, and the perception of science. I
utilized thematic analysis (Braun & Clarke, 2006) to identify common themes and patterns
emerging from the teacher observations and responses in the unit reflection.
Quizzes and Tests
The students took four formative assessments and two summative assessments
throughout the unit. The purpose was to evaluate their understanding of geological concepts
aligned with the standards and their learning progress. The performance indicators connected to
these assessments, based on the South Carolina Science Teaching standards (2014) are listed
below:
1. 8.E.5A.3: Obtain and communicate information about the relative position, density, and
composition of Earth’s layers to describe the crust, mantle, and core.
2. 8.E.5A.4: Construct explanations for how the theory of plate tectonics accounts for (1) the
motion of lithospheric plates, (2) the geologic activities at plate boundaries, and (3) the
changes in landform areas over geologic time.
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3. 8.E.5A.5: Construct and analyze scientific arguments to support claims that plate tectonics
accounts for (1) the distribution of fossils on different continents, (2) the occurrence of
earthquakes, and (3) continental and ocean floor features (including mountains, volcanoes,
faults and trenches).
4. 8.E.5B.1: Analyze and interpret data to describe patterns in the location of volcanoes and
earthquakes related to tectonic plate boundaries, interactions, and hot spots.
5. 8.E.5B.2: Construct explanations of how forces inside Earth result in earthquakes and
volcanoes.
6. 8.E.5B.3: Define problems that may be caused by a catastrophic event resulting from plate
movements and design possible devices or solutions to minimize the effects of that event on
Earth’s surface and/or human structures.
7. S.1B.1: Construct devices or design solutions using scientific knowledge to solve specific
problems or needs: (1) ask questions to identify problems or needs, (2) ask questions about
the criteria and constraints of the device or solutions, (3) generate and communicate ideas for
possible devices or solutions, (4) build and test devices or solutions, (5) determine if the
devices or solutions solved the problem and refine the design if needed, and (6)
communicate the results.
8. 8E.5C.1: Obtain and communicate information regarding the physical and chemical
properties of minerals, ores, and fossil fuels to describe their importance as Earth resources.
Among the assessments, three were completed in the form of traditional testing and the other
three were done in the project setting.
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Student Teacher and Coaching Teacher Observation
My coaching teacher and I utilized focused observations to analyze students’ interactions,
responses, and engagement relevant to the project. We compiled our observations and went
through them every day. Through discussion and analysis, I identified themes and trends that
emerged in the areas of Cultural Competence Growth, Student Engagement, and Perception of
Science.
Unit Reflection
The post unit reflection was given out to the students the day after the project
presentation. The students filled out a google form by answering the questions listed in Appendix
E. Question 2-5 used a 4-point Likert scale (from strongly disagree to strongly agree) to measure
students’ attitudes towards the real-world connection of science and humanity (Likert, 1932).
Question 9 is a multiple choice question that asked the students self-assess their performance and
contribution throughout the unit.
Findings and Discussion
The purpose of this project was to investigate how an inquiry and diversity based
curriculum unit influence middle school students’ growth of academic achievement and cultural
competence as well as their views towards science. The subject of this project included me, a
student teacher with less than one year of teaching experience, my coaching teacher, a veteran
teacher who has been teaching for many years, and one hundred and five eighth-grade students
between the age of thirteen and fifteen at a suburban Expeditionary Learning middle school in
the Southeastern part of the US. At the conclusion of the project, I conducted an analysis in each
domain to find trends and themes that examine the four inquiry questions, 1) How do students
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grow both academically and culturally throughout the unit? 2) What are the effects of culturally
relevant teaching on student success and engagement? 3) How does this unit help students
connect science to the real world? 4) How does this unit change the way students view science?
Academic Success
In York, Gibson, and Rankin’s (2015) conceptual and literature research on academic
success, they proposed a conceptual model of academic success that encompasses six elements:
1) academic achievement, 2) attainment of learning objectives, 3) acquisition of desired skills
and competencies, 4) satisfaction, 5) persistence, and 6) career success. Even though the design
of the assessments align with more than one element based on the theoretical framework in order
to quantify students’ academic performances and identify the trends and patterns of academic
growth, I focused the analysis on the element of academic achievement, which they determined
as grades and/or grade-point average (GPA). The definition of a good grade varies from school to
school. This project adopts the grading scale from the school district: A (90-100%), B (80-89%),
C (70-79%), D (60-69%), and F(51-59%). Due to some student absences, sickness, and
incompletion of assignments and presentations, which were considered as outliers in the data
analysis, I decided to use the median of the scores to gain a more accurate insight into students’
academic performances. Overall, the results shows sufficient mastery of knowledge and skills in
all the learning goals (see Table 7). The median scores of the student population all fall between
A and B. The line graph shows a steady growth of student achievement throughout the
curriculum unit except for the unit reflection assessment (see figure 2). At the beginning of the
unit when I told them they would not be given any study guide and would have to create their
own study guides in class, they did not really take my word for it. Not many students were
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actively taking notes when I gave them time to take notes during class. When the first quiz result
came out, many of the students were complaining about the grades they received. Some of the
students admitted that they never studied for science but would always get good grades because
they just memorized everything on the study guides. I told them they needed to take the initiative
to take notes otherwise they would not see any improvement on the next assessment. It took
them two quizzes to realize that they needed to step up and study in order to get a good grade.
The day after the earth process summative test was done, I could immediately tell that they were
going to do very well because many students including my most passive students kept coming up
and asking me if I had graded the test and told me that they actually studied. Unsurprisingly, the
median grew from 80% on the first quiz to 85% on the test. The students performances peaked
during the structural design project. The median grade for the project was 90%. I identified
several contributing factors which are discussed in the Student Engagement section below.
Overall, the grades declined by 7 % when I had them do an overall unit reflection. Many
students were not able to do an in-depth reflection of their learning. Initially I had high
expectations for this assessment, but after thinking back to the developmental characteristics of
young adolescents, I realized that it was unlikely that students would be able to develop this skill
in just three weeks. This is something that even adults still struggle with and are constantly
working on to improve. Also, many students might have felt relieved after the big project and did
not pay too much attention to or feel to the need to do well on the reflection.
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Table 7
Assessment/ Earth’s
Statistics
Layers
Quiz

Plate
Earth
Tectonics Process
Quiz
Test

Socratic
Structural
Seminar/
Design
Field Study Project
Presentation

Unit
Reflection

Mean

78.00%

78.76%

80.54%

86.86%

81.69%

76.64%

Median

80.00%

82.00%

85.00%

85.00%

90.00%

83.00%

Mode

80.00%

95.00%

88.00%

100.00%

90.00%

75.00%

Figure 2

Unit Grade Statistics (Median)
100.00%

Grade

90.00%

80.00%

70.00%

Earth's Layer Quiz

Plate Tectonics Quiz

Earth Processes Test

Seminar/Presentation Structural Design Project

Unit Reflection

Assessment Name
Cultural Competence Growth
The development of cultural competence, according to Ladson-Billings, is the ability to
“help students appreciate and celebrate their cultures of origin while gaining knowledge of and
fluency in at least one other culture” (Ladson-Billings, 2014, p.75). Due to the low diversity in
the project population, which also reflects the demographic of the school district, the students
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seldom had first-hand experiences learning about and interacting with other cultures. The
instructional unit aimed to address this by providing experiences through in-depth research about
world cultures, field study, the incorporation of cultural elements of marginalized groups in the
instruction along with the connection to real-world geological issues. Without exposures to
different cultures and establishing a learning environment where all cultures are celebrated and
valued, it would be challenging for students from low diversity areas to critically think about the
struggles and issues marginalized groups face and further develop the third ability, sociopolical
consciousness, indicated by Ladson Billings in the framework of culturally relevant pedagogy.
I analyzed both field observations as well as the students’ responses in the unit reflection
conducted a day after the final project presentation. Findings revealed positive advancements in
the areas of cultural awareness and appreciation. At the beginning of the unit, the students were
reluctant to the idea of researching foreign cultures and presenting in front of cultural experts.
Moreover, they tended to stereotype certain cultures and make jokes on certain cultural beliefs.
After giving the students the opportunity to research deeply in the countries and provided them
with different perspectives of people and cases from those countries, we noticed a few changes in
students’ behaviors.
Students started to develop an appreciation for cultural differences and referred to them
as “cool” instead of “weird.” Also, they were able to find the similarities among the differences
and make connections back to their own cultural background. As they looked into more cases
involving specific geological events, they realized the jokes they made were not funny anymore.
I categorized the students responses and our field observations in four areas of growth: 1) The
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shift from reluctance to awareness and appreciation, 2) Connections to one’s own culture, 3)
Character growth in empathy, and 4) Respectful learning culture. (see Table 8 & 9)
Table 8
Growth

Student Responses

The shift from
reluctance to
awareness and
appreciation

“…Also, I enjoyed learning more about the culture of Turkey and now I
appreciate more of the religions in the world.”
“Embracing and learning about new cultures that we may have never
known before”
“Learning how to greet with their culture because I had no idea about how
disrespectful it could be if you tried to rush a meeting or not shake their
hand.”
“One thing I liked about this project is it was very intriguing. We didn’t just
focus on our culture but what the world does around us. The subject wasn’t
boring it actually made me want to know more”
“We got to have the opportunity to expand our views and mindset and learn
of the the cultures and experiences of other countries.”

Connections to
“One powerful learning moment for me was while I was sketching each of
one’s own culture my drawing I learned a lot from the Japanese culture and how it greatly
relates to my own religion.”
“I was able to learn about other cultures beside my own for example in
Iceland i didn’t know that their culture is similar to ours and without this
unit i wouldn’t have been able to know about that. Also I liked the fact that
I was able see the differences and similarities between our cultures and
Icelandic culture”
“I learned the how diverse my country was and how much of an impact the
diversity can have on the cultural elements and structures against natural
disasters. I made a powerful learning moment when I was researching my
countries beliefs and cultures.”
“My most powerful learning moment was learning that there is a high
population of the Muslim religion being practiced in America, specifically
in South Carolina. Previously, I thought that only Protestant Christians
were here, but through this unit, I learned much more about the religions in
the area that I live in. I thought this was cool and I was surprised.”
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Character growth “I was enlightened during this unit because I was able to do research on the
in empathy
actual natural disasters in Taiwan. My heart went out to the people and I
was thrilled to know that science is working on ways to detect natural
disasters before they occur, which will in turn save countless lives.”
“I was able to understand the effects of people in foreign countries from
natural disasters. I connected science with the real world because I learned
how seismic activities effected people in their real life through the studies
of scientific facts and cultural studies”
“During this project, I also learned to respect the hardships of other
countries’ natural disasters and how they were affected by them.”
Table 9
Growth

Field Observation - Pre

Field Observation - Post

Respectful
Learning
Culture

• “There’s nothing good about
Haiti. The country is so poor.”
• “She (A Haitian celebrity) looks
American.”
• “We speak American in the US.”
• “Their religion is so weird.”
• “I would never want to go there.”
• “Why would people want to live
in Japan? There are so many
natural disasters there.”
• “Whoever got the US for their
project has the easiest job.”
• “Why would they do that?”
• The students were laughing at the
man in the case introduction video
that screamed when the 2011
Japanese earthquake hit.
• The students failed to recognize
the impact of earthquake on
education. They thought it was
nice that the survivors did not
have to go to school.

• The students discussed the similarities
and the differences between the research
country and the US in a respectful
manner.
• The students were asking the Japanese
ELL student about her experiences of
earthquakes as well as my experiences in
Taiwan.
• The students were sharing with each
other interesting facts about their
research countries.
• The students were discussing the
regional linguistic differences. For
example, French spoken in Haiti vs.
France French they learn in their world
language elective, greeting in different
regions of the US, Chilean Spanish vs.
Spain Spanish, difference between
Mandarin and Taiwanese, etc.
• The students practiced greeting in
chosen country over and over again
because they did not want to offend the
ambassadors.
• The architects communicated with Mr.
Duggan (Coaching teacher) and me to
make sure the cultural elements
incorporated in the design were valid.
For example, Saudi Arabia modern
structural design kept certain cultural
elements from the traditional mud
houses.
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Student Engagement
Student engagement is a multi-faceted phenomenon used to describe the student’s
involvement in the learning environment. It has been defined in various ways by researchers in
the field of education and social sciences. This project uses Fredrick, Blumenfeld, and Paris’
theoretical framework, in which they defined student engagement as a “meta-construct” that are
measured in three dimensions: 1) Behavioral Engagement, 2) Emotional Engagement, and 3)
Cognitive Engagement (Fredricks et al., 2004, p.60). Students demonstrate behavioral
engagement through high-level student interest in learning tasks, active participation in class
learning experiences, and completion of in-class and out-of-class assignments. Emotional
engagement concerns students’ enjoyment and sense of belonging in the classroom. The extent of
cognitive engagement is determined by students’ willingness and ability to undertake class work.
The results of thematic analysis show positive attitudes toward all dimensions of student
engagement. I identified various aspects of the curriculum design that attributed to the high-level
of engagement throughout the unit (see Table 10).
With structured guidelines, I was able to give the students freedom to select the country
and the structural style they were interested in working on for the project. Furthermore, by
collaborating with team partners, the students were able to use their creativity to construct the
physical model, which strongly enhanced the emotional engagement in the classroom.
The three project roles with specific job responsibilities ensured that each member of the
group was making contribution to the work and avoided the free-rider problem in the
collaborative process. On the first day of instructional unit, I communicated with the students
regarding the project presentation and the audience that would be evaluating their presentations.
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The established expectations and the consistency in implementation strengthened the behavioral
engagement throughout the unit.
The Socratic seminar prior to the structural design project allowed the students to not
only engage in in-depth research and discussion regarding the impact of natural disasters in two
different regions but also prepared them to conduct cultural and geological research for their
project country. Through face-to-face interactions with architectural and cultural experts from
the community, the students were able to apply the knowledge they gained from the first-hand
experiences to the design of the structure and the cultural research. The process of transferring
knowledge and skills to new contexts allowed me build up cognitive engagement in this unit.
Table 10
Engagement
Type

Attribution

Student Responses

Emotional

Student interests

“[I like] how we were able to create structures based on
the culture of your country of interest”
“It allowed me personally to take charge in overseeing
the project and selecting the look of the building. I
liked how we could pick which area in the world, and
our own style of a building.”
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Project freedom and “One thing I liked about this project is that it was a
Creativity / Hands-on hands-on projects and we got to work with partners.”
“One thing I liked about this project was having the
freedom to design a house however our interpretation
and style of the region took us. I also enjoyed building
it, and when finished, seeing how our hard work payed
off. I also enjoyed this unit because I learned more
about other countries and their culture.”
“The creativity we got with designing our own way to
incorporate nature and culture, it gave us a lot of
freedom.”
“My favorite part of this project was that we had the
freedom to create and design whatever we wanted to.
Yes, we did have a few guidelines to meet but I was
easily able to express my thoughts and Ideas through
my creativity and the design of the project. I also liked
that we had the chance to actually test our prototypes
on the shake table and see the likelihood of our
structure actually withstanding an earthquake.”
Behavioral

Authentic Audience

“I liked being able to present our information about the
culture to an architect and two different cultural
ambassador to receive feedback about our
presentation.”
“The thing that I liked the most about this project was
collaborating with my peers and seeing all of my hard
work pay off in front of the judges.”

Project Roles
(Cultural
Ambassador/
Architect/Structural
Engineer)

“One thing I liked about this project was that there
were different roles in groups and there was a limit on
people per role. I liked this because it allowed people
to branch off and do what they are strongest at, and it
made sure that not everyone was doing the same
thing.”
“I liked how it was set up. The 3 different jobs shared
the work evenly and the amount of days we had to
work was great.”
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Socratic Seminar

“I had two moments during our unit that were the most
powerful to me. The first moment was when we did the
Socratic Seminar on the Japan earthquake vs the
Indonesian volcanic eruption. I had the volcanic
eruption and this taught me all about how in this
country they have many geological features that can
cause disasters but not the right technology to detect
them…”

Real-World Exposure “On the field study, my perspective and mindset on
and application
other cultures were broadened.”
“I believe some of my most powerful learning
(Thinking Globally
experiences during this unit were made during the
Ambassadors/
building stage of our structure. As I worked with my
Architects/Structural partner we used collaboration and communication
Engineers)
effectively to build a skyscraper out of tape and straws.
The guest speaker that came to teach us combined with
the cooperation with my partner helped me to create
the structure”
“…after the architect came then I knew how to do it or
how to get started. I was very proud of myself because
I did a lot of the work and I really tried to do what I
had to do during each class time so that I could get my
work done and to get it done on time.”
Perception of Science
As mentioned previously, some extant curriculum designs do not foster real-world
connections, which may lead to students’ misconception of science as mainly memorization.
Through this unit, I noticed that students have slowly changed their perspectives toward science
or at least recognized the significance of the scientific knowledge and the connections to our
lives and the society (see Table 11 & 12). Like the analysis of student engagement, I identified
factors that contributed to the students’ changing perception of science based on the unit
reflection responses and the field observation.
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The structural design project pushed the students to make connections among scientific
and social concepts by looking into real-world issues and designing solutions to address the
problems. The students were able to make meaning out of those connections and synthesize them
through completing class missions and presenting their learning. The use of the Driving Question
Board throughout the unit helped the students visualize and organize the connections in a
systematic way so that the students could see both the details and the big picture of learning
goals in this unit.
The incorporation of engineering and math practices in the structural design project
allowed students to use cross-disciplinary skills, which augmented their ability to come up with
solutions to address real-world issues and see the connections among the fields of study. In an
effort to eliminate students’ misconceptions of science, the discussion and reference of Nature of
Science and cross cutting concepts throughout the unit slowly moved students to refute their
beliefs about the science discipline.
Table 11
Attribution

Student Responses

Real-World
Connections

“We got to know the real world problems that occur and are even
occurring now. This unit helped to put these problems into
perspective, and show us how important it is, as well as how hard it
is to try to protect the world.”
“It helped me better understand why we study science and how it
helps us in the real world because before this project I didn’t
understand why we studied science but now I understand.”
“This unit assisted me in achieving the goal of connecting science
and the real world by forming a project which included life like
challenges such as acknowledging budgets, natural hazards, and
cultural necessities. All of these combined creates a project that
pushes students to think logically and differently."
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“I liked the building and planning element the most because we got
to actually put our structure together and test it”
“I liked the experience of building a structure because it is what I
want to do when I grow up. I have always loved building things, so
this project is one I will surely remember.”
“I liked having to do multiple drafts and think like an architect.”
“…daily things that I never thought of. It showed me what architects
really do and how they incorporate science into there job.”

Table 12
Attribution

Field Observation

Nature of Science

Tentativeness: The discussion of the two video clips made in different
years that identified the different number of known minerals.
Subjectivity:
The discussion of different data result gathered from the Mineral
Identification Lab. E.g. hardness, mineral breakage, luster, and etc.
Human Endeavor:
The discussion of scientists from different social, cultural, and ethnic
that made contribution to the knowledge of geology and the ways to
adapt to geological activities. E.g. Alfred Wegener, Pagoda earthquake
resistant engineering design developed by Japanese scientist, and etc.
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Crosscutting Concept Patterns:
The observation of earthquake and volcano distribution interactive map
and the discussion of plate tectonics-landform relationship.
Cause and Effect:
Causal relationships of geological activities and phenomena.
Systems and System Models:
Starburst Lab to model formation of different rock types in the rock
cycle.
Energy and Matter:
The discussion of the driving mechanic of plate movements.
The discussion of seismic energy flow and accumulation.
Structure and Function:
The discussion of Earth’s layer’s relative position and function based on
the density and composition of the each layer.
Driving Question
Board

Students started using and referencing the Driving Question board to
make connections among missions, geological concepts, and the
impacts of geological activities on the society.
Limitations

There were limitations in this project that may have influenced the findings. The first
limitation was the sampling. The participants were students from my internship science
classroom. They were chosen because of the convenient accessibility. Even though the
demographic make up of this sample somewhat mirrors that of the school’s, it would be
challenging to generalize the conclusion with this selection process. The second limitation for the
project was my limited professional experience. This project was completed during my time as a
student intern, which was my first time teaching full-time in a classroom setting. Therefore, my
knowledge, skills, observation, and judgement were just beginning to develop. Furthermore,
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although the data were collected during the 3-week instructional unit, I had taught the students
for over a month prior to the unit. Hence, I was an interested party in this project. This might
have changed the way students responded to my instruction, and caused a discrepancy in the
project findings. Finally, the implementation of the project was strongly supported by the
Expeditionary Learning theoretical framework which places its emphasis on project-based
learning experiences. That said, the results may have looked differently in schools that adopt
different educational models and core practices.
Reflection and Areas of Growth
After reading through the feedback from my students and reflecting on this unit, I
realized there were many areas in which I could have done things differently to enhance the
learning experiences and make their learning more engaging and meaningful. Below are areas I
will change if I get to teach this unit again in the future.
Making more connections between missions and summative test
I would like to incorporate the missions we have solved into the summative test to assess
their ability to transfer their learning from the missions and apply their knowledge to the test.
From the students’ perspectives, although hands-on activities were fun and engaging, they felt
there was a disconnect between the activities and the real test. In the future, I will try to bridge
the gap by making sure the summative test is coherent and relevant to the missions they complete
during the unit.
Clearer Expectation
Since it was my first time carrying out a unit plan by myself, there were many details that
I either did not think of or overlooked. When my students asked questions regarding specific
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expectation, sometimes I was not able to give them a firm answer. In the future, I would like to
make sure my expectations are clear and consistent throughout the unit so it does not confuse my
students.
Stick with country budget
When I was designing the structural guidelines for the nine countries, I also gave each
country a construction budget based on the GDP of the country and the structural type. The
students were supposed construct a structure around the budget and use the money to purchase
the straws and tape. However, due to the challenges of the shifting weekly schedule, we did not
keep track of their use of straws and tape.
More collaborative time between three different roles
Again, due to the variability in the schedule and field studies, I did not give the three
roles enough time to talk about the presentation and rehearse. This resulted in some
misunderstanding and miscommunication. In the future, I will make sure I reinforce the deadline
and give each group time to work on the presentations and go over the presentation details.
More balanced time allocation for sketch/building
With instructional time being taken away because of extended crew and an instructional
half day, the building time ended up being much shorter than the time they spent on sketching.
Next time if I teach this unit again, I will make sure that I allocate extra time for structure
building in case “surprises ”like this happen.
Better Folder Organization
The original thought of using a portfolio folder was so that the students could keep their
work organized and that I would have access to all student work and be able to grade everything.
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However, a lot of students would not bring their folders with them and would just leave their
folders on the table. Folders from different periods ended up getting mixed up and a lot of
students lost their work because of this. Next time if I choose to use a portfolio again, I will
make sure students are responsible for keeping their own folders and I will create a checklist for
them so they know what they need to turn in at the end of the unit.
From Inquiry to Action & Thesis Summary
This thesis project sought to change students’ misconception of science through
providing learning experiences focused on creativity and real world connections in the existing
curriculum design; through the implementation of a diversity-focused, inquiry and project-based
unit in my internship science classroom; and through the employment of culturally relevant
pedagogy in the instructional practice. The results provided both quantitative and qualitative
evidence for students’ steady growth in the areas of academic achievement and cultural
competence. Moreover, the cross-disciplinary learning, the project freedom, and the authentic
audience increased the student engagement and slowly changed their misconceptions of science.
Throughout my experiences, I learned that exposures and firsthand experiences are vital in
helping middle school science students make real-world connections and in practicing culturally
relevant pedagogy, especially in a school where there is not much diversity. Seeing, doing, and
actually interacting with the people and the materials provide students with invaluable
opportunities to make content and cultural connections and deepen their understanding of the
scientific process. Carrying out a diversity-based curriculum unit like this in the middle school
environment requires an ethically grounded school-wide climate and culture where the character
growth of a student is valued equally as student academic achievement. And that is central to the
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Expeditionary Learning philosophy. The character development unit and the service emphasis
throughout the process laid a strong character foundation for what we were aiming to achieve in
the science classroom.
Although my internship has ended and I could not continue to spend time in the
classroom observing their growth, I would be interested in revising the curriculum based on the
reflection and feedback and implementing it again in my future science classroom. I would also
be interested in finding out how this unit would turn out in a diverse school with a different
model and learning approaches.
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Appendix E - Unit Reflection Google Form Questions
1. What is your role in this project?
2. This unit has encouraged me to reflect on how science has influenced people's lives.
3. This unit has enabled me to think about geology beyond the US.
4. This unit has encouraged me to reflect on how science has influenced our lives here
in America
5. This unit has enabled me to learn about different cultures and has taught me to
respect people coming from different cultural backgrounds.
6. What were some of my most powerful learning moments and what made them so?
7. What were some of my most challenging moments and what made them so?
8. When did my collaborative communications fall short of the group's or the teachers'
expectations, if ever?
9. Give yourself a grade based on your participation in the project.
10. I give myself this grade because…
11. What was one thing you liked about this project/unit?
12. What was one thing you did not like about this project/unit?
13. How did the unit help you achieve the goal, which is to "connect science with the
real world through both scientific inquiries and humanities studies"?
14. Based on the turnout of the project, what is one thing you would've done differently
to improve your work?
15. Consider the five habits of scholarship (leadership, integrity, communication,
collaboration, and tenacity), rank yourself from the highest to the lowest and
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provide how you demonstrated them throughout the project and how you can
improve them.
16. Based on the three attributes of high quality work (each explained in the article on
Schoology), rank yourself from the highest to the lowest and provide how you
demonstrated them throughout the project and how you can improve them.
17. Write down the names of your group members and assign them a grade on a scale of
1 to 5. (Make sure you provide reasons for the grades you give.)
18. Do you have any constructive feedback for Mr. Lin and Mr. Duggan ?

